Abstract. The present study is aimed at determining the effect of variability in soil type and structure height on soil-structure system responses. In order to explore this innovative idea, a wide range of soil types and structure heights are assumed, and the responses are analyzed with respect to changes in soil type and structure height. It is intended to address the three-fold problem of determining under what circumstances soil-structure interaction (SSI) exerts significant effects on the results, on what condition it could be ignored, and whether taking account of SSI leads to conservative results. To verify the numerical models, the results are compared with those derived from the NEHRP method. Five planar concrete frames are examined under the action of thirty earthquake records. Seven types of soil are considered. For modeling the soil-structure system, the direct method is employed. The plastic behavior of the soil is formulated based on the multi-surface (nested surfaces) concept; the yield surfaces of sand are of the Drucker-Prager type, and those of clay are of the Von Mises type. The exact Incremental Dynamic Analysis (IDA) is adopted for analyzing the soil-structure system. The results indicate that, for sandy soils, the SSI impact is greater for looser sub-soils. For clayey soils, the medium clay has the most powerful SSI effect. For low and medium rise buildings, the SSI effect is more profound as the structure becomes taller, but for high rise buildings, the SSI effect wears off with increasing height.
Introduction
Although seismic waves travel mainly through rock in their course to the ground surface, the last portion of that propagation is often through soil, and the characteristics of the soil can greatly influence the nature of shaking at the ground surface [1] . Based on many previous researches, it is recognized that considering the SSI may significantly affect the response of the structure to the earthquake. The SSI affects different structures differently; it depends on the characteristics of the structure, the soil, and the earthquake record. In some circumstances, the effect could be ignored, but it could prove highly significant in other cases. Since accounting for SSI effects entails following an inherently complicated procedure, SSI effects are ignored in the majority of design codes, presuming that the inattention to soil-structure interaction yields conservative results [2] . The presumption "neglecting the SSI gives conservative results" is not always valid, and the SSI may even considerably increase the responses of structures at times [3] . Accordingly, it seems more appropriate to take the SSI effect into account; one would also benefit from the effect if it introduces a conservative change. In fact, the subsoil provides a flexible base, reduces the stiffness, and increases the deformations and damping [4] . On the other hand, it could affect the frequency content of the incoming seismic motions.
The effect of local soil and geologic conditions on the intensity of ground shaking and earthquake damage has been known for many years. MacMurdo [5] noted that "buildings situated on rock were not by any means affected as much as those whose foundations did not reach the bottom of the soil" in the 1819 earthquake in Cutch, India. Mallet [6] , in his report on the 1857 Neapolitan earthquake, reported the effect of local geologic conditions on structural damage. Many researchers have studied the behavior of structures supported on shallow foundations; Chopra and Yim [7] , modeled the behavior of shallow foundations using Winkler springs. They concluded that taking the SSI effect into account causes a reduction in the moment demand of the structures. ATC 40 [8] believes that stiff and strong foundations do not always surpass flexible and weak foundations; in fact, flexible foundations increase the deformation, leading to a drop in the demands. Spyrakos et al studied the SSI effect on base isolated buildings [9] , concluding that the SSI effects for squat structures founded on low-stiffness soil stratum are deeply significant. Zhang and Tang [10] demonstrated that ductility demands may dramatically increase in case of a compliant foundation. The SSI effect on the seismic behavior of multi degree-of-freedom (MDOF) systems was assessed by Dutta et al [11] and Barcena and Esteva [12] . Tang and Zhang performed a comprehensive probabilistic seismic demand analysis of shear walls considering the SSI effect [13] . Many other researches such as Raychowdhury and Prishati [14] , Ganjavi and Hao [15, 16] and Abedi-Nik and Khoshnudian [17] have been done on the SSI effect. Afterwards, Ganjavi, Hao and Hajirasouliha [18] underlined the importance of higher modes for soil-structure systems in comparison with fixed based structures. Soil-underground structure static and dynamic interaction was studied by Haiyang [19] . Some researchers tried to compare the experimental observations with the analytical results obtained while taking the SSI into account; examples include [20, 21] and [22] . The role of SSI effect on isolated structures was studied by Tsai and Hsueh [23] . Examining the effects of soil-structure interaction on the deflection modification factor of buildings was another interesting subject that captured the attention of researchers such as Abedi-Nik and Khoshnoudian [24] .
As noted above, not all of the findings produced in the previous researches are consonant with each other; some of them are even contradictory. All of them have argued for the strong effect of SSI on the behavior of structures, but arrived at different conclusions about the variations in the structural behavior. Therefore, these investigations fail to provide any conclusive evidence on the way the structural responses are affected by the soil type. This discrepancy in the conclusions is very likely due to the fact that the structures and soil types studied were all different. This is the reason why the present research covers disparate structures and soil types. The results of the present study and those of the previous studies fit together for sandy soils but not for soft clay soils.
Characteristics of concrete frames, soil and earthquake records
Geometric and material nonlinearity in the superstructure, the foundation and the soil could cause some nonlinearity in soil-structure systems. The nonlinearity may originate from diverse phenomena such as: 1) yielding of seismic-force-resisting elements in the superstructure; 2) yielding of soil, 3) gapping between the foundation and soil, which tends to occur in situations such as base uplift or separation of foundation sidewalls from the surrounding material; and 4) yielding of foundation elements [25] . Most of the researches conducted on nonlinear SSI behavior have assumed either a nonlinear structure with a linear/equivalent-linear soil or a linear structure with a soil capable of yielding.
The literature on the subject shows that material and geometric nonlinearities in the soil may be beneficial to the seismic response of a structure. In order to dissipate the energy and protect the structure, Gajan and Kutter [26] suggested revising the foundation design strategy by allowing for significant yielding within either the foundation or the immediate soil in the vicinity of the foundation.
In the present paper it is intended to consider the likely scenario. For this reason, the soil and the structure are both assumed to be nonlinear. The 2D nonlinear analytical models of soil-structure systems were developed for the nonlinear dynamic analysis with OpenSEES software [27] .
Characteristics of the frames
In the present study, five planar concrete moment resisting frames are examined. The frames have 3 bays and 3, 6, 9, 12 and 15 stories. The bay length and the story height are 5 and 3 meters respectively. The moment resisting concrete frames have been designed with a peak ground acceleration (PGA) value equal to 0.35g and class B soil according to INBR-6 (Iranian National Building Regulations, Section 6). The dead load on the beams is assumed to be 24500 N/m plus the self-weight of the beams, and the live loads on the beams are assumed to be 9800 N/m. The yield stress of the bar material is equal to 4×10 8 Pa, and the concrete strength is assumed to be 25×10 6 Pa. The material constitutive models are presented in Fig. 1 . The second-order effects are accurately accounted for through the formulation of large displacements. For the confined and unconfined concrete constitutive models, the Kent-Scott-Park model [28] is employed. The constitutive parameters of this model are shown in Fig. 1 The cover and core concrete in the column cross-sections are considered as unconfined and confined concrete respectively. The confined concrete stress-strain relationships are extracted from Saatcioglu and Razvi [29] . Paulay and Priestley [30] suggested the ultimate compressive strain of confined concrete as: The lumped mass matrix of the frames is built by applying the total of dead loads plus 20 % of live loads. The beams and columns are modeled as fiber sections with concrete and reinforcing steel material layers. The characteristics of the cross-sections for columns and beams are illustrated in Tables 1 and 2 .
Soil modeling procedure
In the present paper, the soil layers are modeled using isoperimetric four node quadrilateral finite elements with bilinear displacement interpolation. The finite element mesh size is considered to be 2.0 m in and directions. It is assumed that the soil domain is under plane strain conditions with a constant soil thickness equal to the inter-frame distance. The material of the clay soil is modeled using a modified pressure-independent multi-yield-surface model with an associative flow rule, and the yield surfaces are of the Von Mises type. The material of the sandy soil is modeled using a pressure-dependent relation with a non-associative flow rule to reproduce dilatancy effects. The yield surfaces are of the Drucker-Prager type. 
Modeling soil domain boundary
The SSI effects are categorized by FEMA P-750 [31] into inertial interaction effects, kinematic interaction effects, and soil-foundation flexibility effects. On the other hand, the methods that can be used to evaluate the mentioned effects fall into the two categories of direct and substructure approaches. In the direct analysis method, the soil and structure are modeled simultaneously and analyzed as an integrated system. The substructure approach involves dividing the SSI problem into distinct parts that are combined to formulate the complete solution. The superposition inherent in the substructure approach requires making the assumption that the soil-structure system behaves linearly, leading to some error in the results. For this reason, the direct method is the one employed in the present study. Modeling the SSI system for an infinite media entails tackling the problem of modeling domain boundaries. Infinite boundaries have to reflect no waves back into the computational domain and absorb all outgoing waves. Lysmer and Kuhlemeyer [32] proposed the standard viscous boundary which is defined by using Eqs. (2-3): In the present study, a single zero length element is used to define the Lysmer-Kuhlemeyer dashpot; one end of the Lysmer-Kuhlemeyer dashpot element is fixed against all displacements, while the other end is assigned a restraint of the type equalDOF with the soil node. Two series of dashpots are needed to introduce this boundary into the model. As depicted in Fig. 2 , dashpots are oriented normally and tangentially to the boundary of the finite element mesh. The soil layer height on the bedrock is assumed to be 30 meters, and the length of the soil domain, boundary to boundary distance, is considered to be 100 meters. -an octahedral shear strain at which the maximum shear strength is reached [Deg], -reference mean effective confining pressure at which , and are defined [Pa] . The material damping matrix of the SSI system is constructed using the Rayleigh method [33] , through assembling the corresponding damping matrices of the structure and the soil. The factors of proportionality for damping matrices are calculated for 5 % and 10 % viscous damping for the structure and the soil respectively. The nonlinear equations of structural equilibrium are satisfied using the accelerated Newton algorithm based on Krylov subspaces [34] . In the nonlinear time history analysis, the -∆ effects are taken into account.
Soil types
Soil deposits tend to act as a filter for seismic waves by attenuating the motion at certain frequencies and amplifying it at others. Since soil conditions often vary dramatically over short distances, levels of ground shaking can vary significantly within a small area. One of the most important aspects of geotechnical earthquake engineering practice involves evaluation of the effects of local soil conditions on strong ground motions [1] . Different soil types affect the structure responses differently. In order to address all kinds of soils, seven types of soils, namely loose, medium, medium dense, dense sand, as well as soft, medium, and stiff clay, are considered in the present study. The water table is considered to be below the soil layer. The characteristics of such soil types are presented in Table 3 . Having the characteristics of soil layers in Table 3 , one can calculate the shear wave velocity of soil layers using Eq. (4) [1] , the values of which are presented in Table 4 . Knowing the shear wave velocity, one can calculate the soil layer period based on Eq. (5) [1] . In Table 5 , the soil layer period values obtained from Eq. (5) are compared with those obtained from the numerical models: According to Table 5 , the period values calculated in the numerical models are consistent with those calculated with the experimental formula.
Characteristics of earthquake records
One of the most widely used measures of the amplitude of a particular earthquake record is its peak ground acceleration (PGA). Quite often ground motions with high peak accelerations are more destructive than the motions characterized by lower peak accelerations. In some cases, damage may be closely related to the PGA, while in others, it may require several repeated cycles of high amplitude to develop [1] . The concept of an effective acceleration as the acceleration which is most closely related to the structural response and to the damage potential of the earthquake was described by Newmark and Hall [35] . As a result, it can be noted that PGA, frequency content, distance to the fault, and strong motion duration are the most crucial parameters for selecting the records.
In this research, all of the selected records are taken from California State. The criteria for selecting the records are distance to fault, strong motion duration, magnitude of earthquake, and the soil type. The distance to fault values vary from 15 to 36 km. As a result, no near-fault motions with directivity effects are included. The moment magnitude is within the range of 6.0-6.9. The records are listed in Table 6 along with information on the 30 ground motions.
Intensity measure (IM) scale
Selecting appropriate parameters for intensity measure (IM) and damage measure (DM) in the IDA analysis is enormously important. Since the IDA analysis is an incremental analysis, these parameters should be scalable to proper seismic intensity values. Moreover, IM and DM are to reflect the dynamic characteristics of the records. Consequently, the structural responses will vary slightly under different earthquake records [36] . In the present study, the peak ground acceleration (PGA) of the records is selected as the seismic intensity measure.
Damage measure (DM) criterion
The earthquake-induced damage is represented by DM and derived from the nonlinear dynamic analysis results. Many parameters can be considered as the damage measure criterion, including the maximum inter-story drift, base shear, node rotations, and axial deformation of the elements. Selection of the suitable damage measure criterion depends on its application and the structure characteristics and can vary from structure to structure. In shear buildings, the maximum inter-story drift ratio is correlated with the joint rotations as well as the local and global damages of the structure. Therefore, it can be regarded as the preferred option for DM [36] . In the present study, maximum inter-story drift (the maximum drift of stories) is used as DM to estimate the appropriate structural response against the earthquake records. [25] which attempted to devise a practical method for considering the SSI effect.
According to NEHRP, the SSI effects fall into the three categories of inertial interaction effects, kinematic interaction effects, and soil-foundation flexibility effects. The terms kinematic and inertial interaction were introduced by Kausel [37] .
In the present research, the verification and validation of the numerical models are performed with the characteristics presented in NEHRP report.
Soil structure system period resulted from numerical models
The period of the rigid based structures and the soil structure systems obtained from Opensees models are presented in Tables 7 and 8 respectively.
The period lengthening pattern produced by the SSI effect is shown in Table 9 . In this table, it can be seen that considering the SSI raises the period value from 1 % to 20 %. Nevertheless, the 3 story frame situated on soft clay is an exception as the period lengthening due to considering the soil is about 56 %; it could be due to the fact that "the 3 story concrete frame has a very high natural frequency, and the soft clay is characterized by a very low one; therefore, the decline in the frequency due to considering a soft clay under the 3 story frame could be substantial". Table 9 yields the following two results: Result 1: The period lengthening grows stronger as the soil type turns more flexible. Result 2: The longer the structure, the higher the period lengthening. It should be noted that the SSI effect on period lengthening is not precisely the same as its effect on structural responses such as frame displacement or element stresses.
Soil-structure system period obtained from NEHRP
NEHRP presents a number of period lengthening graphs which indicate the period lengthening caused by SSI. Such graphs are depicted here in Fig. 3 . NEHRP presents the graphs for h/B values equal to 1, 2, and 4 and for ℎ ⁄ values equal to 0.5, 1.5, and 2.5 (corresponding to the frames studied herein), which are generated by interpolation.
The expressions ℎ ′ ⁄ and h/B are shown in Table 10 and 11 respectively for all frames. According to NEHRP, the most important parameter for controlling the significance of SSI effect is the term ℎ ′ ⁄ [25] , meaning that the higher the value of ℎ ′ ⁄ , the stronger the effect of SSI. As a matter of fact, the term ℎ ′ ⁄ denotes the structure-to-soil stiffness ratio. According to Table 10 , for a certain soil type, the term ℎ ′ ⁄ grows with increasing frame height except for the 15 story frame; it is the case for all soil types. This shows that, in the range of low and medium rise buildings, the SSI effects escalate as the structure becomes taller, but for high rise buildings, the SSI effects wear off as the structure becomes taller. NEHRP supports this phenomenon by specifying that "Tall buildings typically have low amounts of ℎ ′ ⁄ ratio". With the help of Fig. 3 , Table 10, and Table 11 , the period lengthening can be calculated according to the NEHRP method, as presented in Table 12 .
By comparing Table 12 with Table 9 , it could be inferred that the period lengthening calculated by the numerical models are congruent with those calculated by NEHRP graphs; in this way, the models are verified. Accordingly, the NEHRP admits results 1 and 2 mentioned in part 3.1. 
Effect of local site condition on ground motion
Local site conditions can profoundly affect all of the important characteristics of earthquake such as amplitude, frequency content, and duration of strong motion. The extent of their influence depends not only on the geometry and properties of the subsurface materials, but also on site topography, and the characteristics of input motion [1] .
The displacement of soil at the top of the soil layer (ground level) is illustrated in Fig. 4 for various soil types under the action of record number one in Table 6 with PGA = 0.5. As it is seen, the displacement of the top of the soil layer is completely varied for different soil types. As it was expected, the "Soft Clay" has the lowest natural frequency but the largest amplitude of oscillation. On the contrary, "Dense Sand" has the highest value of frequency but the lowest amplitude of oscillation. Results show that every record changes dramatically in frequency content, PGA, Strong motion duration and other properties after passing through the soil layers; the changes are different for different soil types. According to Fig. 4 , the largest value for the displacement of the top of soil layer belongs to soft clay and loose sand. Fig. 5 and Fig. 6 illustrate the acceleration at the top of the soil layer for "Dense Sand" and "Soft Clay", representative of the densest and the loosest soil types.
The characteristics of local soil deposits can also affect the extent to which ground motion amplification will occur. This phenomenon can be tracked in Figs. 7 and 8 ; these figures show the acceleration of the soil top in the frequency domain for dense sand and soft clay respectively. As illustrated in Figs. 7 and 8 , softer soils (Soft Clay) amplify low-frequency (long-period) bedrock motion to a greater extent than stiffer soils do. On the contrary, stiffer soils (Dense Sand) amplify high-frequency (low-period) bedrock motion more profoundly than softer soils do. Therefore, it is expected that low rise structure responses would be amplified on dense soils, and high rise structure responses would be amplified on soft soils. The acceleration of top of the soil layer for different soil types is illustrated in Fig. 9 .
As shown in Fig. Fig. 9 , sandy soils develop larger amplitudes of acceleration in the frequency domain. The predominant frequency of soft clay and dense sand is the smallest and the largest respectively. 
SSI effect on the Pushover curve
The Pushover (PO) curves of the rigid based frames are shown in Fig. 10 . Since PO curves express the static behavior of structures, it is expected that considering the SSI effect doesn't greatly affect this curve. The PO curves of the 3 and 15 story frames are illustrated in Fig. 11 and Fig. 12 respectively; these figures prove that the effect of SSI on the PO curves is negligible. Similar results were confirmed by other researchers [38] . In these figures, it is clearly evident that the SSI effect is more marked on high rise buildings than low rise ones. 
Effect of SSI on IDA curve
Subsoil characteristics affect the IDA curve dramatically. As it was discussed earlier, the subsoil attenuates motion at certain frequencies and amplifies it at others; it also makes the base of the structure non-fixed, i.e. one that tends to rotate about foundation toe. Another important effect of taking the subsoil into account is the alteration of the period and damping. The IDA curves of each frame on different soil types are presented in Figs. 13-17. According to Figs. 13-17, soil-structure system responses highly depend on the subsoil type. The figures show that, in the case of sandy soils, the drift builds up more considerably as the soil becomes looser. On the other hand, in the case of clayey subsoils, for the 3 to 12 story frames, the stiff clay causes the greatest drift lengthening, and the soft clay leads to the smallest drift lengthening. For such frames, the soft clay is the only soil which not only produces no increment but even sometimes some decline in the drift in comparison with the rigid based frame. On the other hand, for the 15 story frame, the soft clay causes the greatest drift lengthening, and the stiff clay produces the lowest drift lengthening values. 
Average drift increase for each frame on different soil types
It is intended here to figure out the dependence of response augmentation, due to considering SSI, to the frame height and to find the response intensification trend in terms of the number of stories.
According to Table 13 , the SSI effect on the average drift value is the most profound for the 6 story frame and the least powerful for the 15 story frame. Based on the resultant average values, it could be said that for low rise structures, as the structure becomes taller, the drift lengthening, as a result of considering SSI, swells. in addition, for medium rise structures, the frame height is not a governing parameter capable of either softening or magnifying the effect of SSI. for high rise structures, the effect of SSI on the drift wears off with increasing structural height. It should be noted that this fact was argued in a different manner in part 3.1.
The most decisive effect of SSI on the drift belongs to the low and medium rise structures. a schematic graph representing the relation between "height of structures" and "drift lengthening caused by SSI" is demonstrated in Fig. 19 . Fig. 18 . Average of drift lengthening caused by considering SSI Based on Fig. 19 , it can be stated that, in the case of low rise structures, drift lengthening grows with increasing height of the structure, and for medium rise structures, the frame height doesn't affect the drift lengthening; finally, for tall buildings, considering the SSI leads to a decline in drift lengthening. It is obvious that the most dramatic effect of SSI is produced for medium rise structures. in the case of very tall buildings, drift lengthening caused by SSI approaches zero, meaning that, for such buildings, considering SSI doesn't affect the drift of the structure. 
Average drift growth for different frames on the same soil type
In this part, the dependence of the average of response growth, due to considering SSI, on soil type is examined. According to Table 14 and Fig. 20 , it could be concluded from the average values that, for sandy soils, the SSI impact grows as the subsoil becomes looser, but for clay soils, medium clay produces the strongest SSI effect. the results obtained from Fig. 20 affirm that "sandy soils have a stronger effect on drift than clayey soils". It is important to note that drift is proportional and related to internal forces of the structural members, but displacement isn't proportional to the internal forces; therefore, usually both the drift and the displacement represent the structure behavior together, not independently. 
Evaluating displacement gain due to SSI
Usually the main objective of analyses is finding internal forces and displacements. Internal forces are directly proportional to the drift, which was discussed in the previous section. in the present section, it is intended to study the effect of subsoil type on the structure displacements.
Base displacement
As mentioned earlier, earthquake input motion could vary from soil type to soil type. the foundation displacement for all subsoil types is discussed here. As it is obvious, input displacements depend highly on the subsoil types and partially on the structure height. It could be concluded from Figs. 21-25 that the looser the subsoil, the larger the foundation displacement under the action of earthquake. the presence of soft clay results in the highest base displacement values.
Roof displacement
In the previous section, the soil type effect on the input displacement was presented; the present section is aimed at examining the effect of soil type on roof displacement as the response of frames under the action of earthquake. In the case of sandy soils, the largest roof displacement value generally belongs to the frames on the loose sand, and the roof displacement decreases for denser soils. the 3, 6 and 9 story frames on the soft clay have low values of roof displacement, even sometimes less than the rigid based frame, while such frames on the stiff clay produce higher roof displacement values. the frames on the soft clay behave somehow like an isolated structure which produces large base displacements but small inter-story displacements. the 15 story frame on the soft clay is characterized by having a greater roof displacement than the same frame on stiff clay. Simultaneous assessment of roof and base displacements reveals the fact that low and medium rise structures on soft clay behave like a rigid structure with large foundation displacements and low inter-story displacement values. Generally speaking, the largest value of roof displacement belongs to the frames located on loose and medium sand. 
Conclusions
Seven soil types and five frames are considered in order to investigate the seismic behavior of various soil-structure systems. the innovative idea explored in the present paper is to consider a wide range of soil types and structure heights for examining the structural response trend under the effect of the changes in soil type and structure height. the base and roof displacements and the pushover and IDA curves of each soil-structure system are derived and evaluated. a comparison was made between the responses of the soil in the time and frequency domains. Based on all the aforementioned analyses, the following results are obtained:
1) In the case of sandy soils, the drift intensifies more considerably for looser soils. on the other hand, in the case of clayey sub-soils, for 3 to 12 story frames, the stiff clay causes the most profound drift lengthening, and the soft clay produces the weakest drift lengthening; but with the 15 story frame, the opposite is the case (According to Figs. 13-17) .
2) Based on the average values, the effect of SSI on the drift is the strongest for the 6 story frame and is the least powerful for the 15 story frame.
3) Generally speaking, it could be said that for low rise structures, the drift lengthening, caused by SSI, grows with increasing structure height, and for medium rise structures the frame height is not a governing parameter on the SSI effect; lastly for high rise structures, "the taller the structure, the less profound the effect of SSI on the drift" (According to Table 11 ).
4) The soft clay is the only soil which causes the drift values to be lower than those of fixed-based structures for 3 to 12 story frames, but this soil induces the most considerable drift lengthening for the 15 story frame. This phenomenon can be interpreted by the fact that "soft soil deposits amplify low frequency components of earthquake and attenuate high frequency ones, while just the opposite applies for stiff soils; therefore, high rise frames with low natural frequency values would resonate on soft deposits and vice versa" (Based on Figs. 13-17) .
5) Generally, stiff soils amplify the responses of low rise structures and may reduce those of high rise structures; the opposite applies for soft soils.
6) The drift of the structure on the soft soil doesn't increase a lot with increasing PGA, confirming that, in the case of soft soils, for high PGA's the soil enters the nonlinear state and doesn't allow the structure to suffer from higher amounts of drift. Such a phenomenon is somewhat similar to the behavior of isolated structures (According to Figs. 13-17) .
7) It could be concluded that for taller structures (lower natural frequencies), loose sub-soils alter the responses more significantly than stiff soils, but in the case of short structures (high natural frequency), stiff sub-soils change the responses more substantially than soft soils. 8) Earthquake input displacement (foundation displacement) depends greatly on the subsoil type and partially on frame height. Soft soils induce larger displacements in the foundation (Based on Figs. 21-25 ).
9) For sandy soils, the looser the subsoil, the larger the roof displacement for all frames. 10) Low and medium rise structures on soft clay exhibit a rigid structural behavior with large foundation displacements and small inter-story displacements; therefore, the roof displacements of low and medium rise frames on the soft clay could even be smaller than those of the rigid base frames (According to Figs. 21-25 ).
